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SUMMARY 

Awnless  Baart  and  Awned  Onas,  derived  by  reciprocal  backcrossing 
from  cross  of  Baart  X  Onas,  were  compared  in  paired  guarded-row 
nursery  plot  tests  at  16  locations  in  the  western  United  States  and  2 
in  Canada  with  the  original  awned  Baart  and  awnless  Onas.  In  gen- 
eral, the  awned  forms  were  superior  in  yield,  test  weight,  and  kernel 
weight  under  both  irrigated  and  semiarid  conditions.  Exceptions  to 
the  general  responses  occurred  at  a  few  stations,  but  these  showed  no 
relation  to  observed  environmental  differences.  The  possible  com- 
mercial usefulness  of  the  derived  awned  Onas  is  suggested. 

The  derived-awn  types  are  generally  similar  to  their  parental  strains 
in  chemical,  milling,  and  baking  qualities. 

-     REVIEW  OF  LITERATURE 

This  circular  is  the  second  report 2  on  the  effects  of  awns  on  the 
development  of  the  wheat  kernel  in  experiments  on  a  region-wide 
scale.  For  the  present  study,  the  cross  Onas X Baart  was  backcrossed 
reciprocally  to  provide  awned  and  awnless  counterparts  of  the  Onas 
and  Baart  varieties.     Strains  derived  by  backcrossing  are  especially 

1  Cooperative  investigations  of  the  Division  of  Cereal  Crops  and  Diseases, 
Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  Agricultural 
Research  Administration;  the  Arizona,  California,  Idaho,  Oregon,  Montana, 
Utah,  and  Washington  Agricultural  Experiment  Stations;  and  the  Cereal  Division 
of  the  Canadian  Department  of  Agriculture. 

2  Bayles,  B.  B.,  and  Suneson,  C.  A.  effect  of  awns  on  kernel  weight, 
test  weight,  and  yield  of  wheat.  Amer.  Soc.  Agron.  Jour.  32:  382-388. 
1940. 
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suited  for  comparative  testing  with  the  original  variety  and  often  can 
be  substituted  for  the  older  variety  in  commercial  culture.3  By  com- 
paring awned  and  awnless  backcross  derivatives  the  effects  of  awns 
can  be  measured  without  the  mutilation  that  accompanies  awn 
removal. 

Miller  and  associates  4  recently  presented  a  comprehensive  review  of 
literature  dealing  with  the  morphology  and  the  physiological  functions 
of  wheat  awns.  They  reported  that  de-awning  immediately  after 
heading  decreased  kernel  weight  and  weight  of  grain  per  head. 

MATERIAL  AND  METHODS 

The  original  OnasXBaart  cross  was  made  in  1931,  and  the  first 
backcrosses  to  Onas  and  Baart  were  made  on  F2  plants  in  1933.  The 
material  was  grown  and  six  backcrosses  made  at  Aberdeen,  Idaho; 
Tucson,  Ariz.,  or  in  the  greenhouse  at  Arlington,  Va.,  during  the 
period  1931  to  1937.  In  1937  all  stocks  were  sent  to  Davis,  Calif., 
where  somewhat  larger  backcross  populations  were  grown  in  each 
generation.  In  the  progress  of  breeding,  the  awn  type  was  distin- 
guishable in  the  heterozygous  state  in  the  Fx  generation,  and  in  the 
homozygous  and  heterozygous  condition  in  the  F3  and  later  gen- 
erations. 

As  finally  constituted  in  1942,  Awnless  Baart  (C.  I.  12236) 5  was 
made  by  bulking  9  lines  of  OnasXBaart  10  (italicized  superscripts  indi- 
cate number  of  times  recurrent  variety  was  used  as  a  parent)  and  5 
lines  of  OnasXBaart  ",  all  of  which  were  homozygous  for  the  Onas 
type  of  awnlessness.  Awned  Onas  (C.  I.  12235)  was  composited  from 
a  bulk  of  17  lines  of  Baart  X  Onas  9  and  7  lines  of  Baart X  Onas  10,  all 
of  which  were  homozygous  for  the  Baart  type  of  awneclness.  Onas 
is  sometimes  characterized  as  awnleted.  Baart  has  shorter  awns  on 
the  basal  spikelets  than  do  Turkey  and  many  other  awned  varieties. 

Seed  for  the  tests  reported  here  was  provided  annually  to  coopera- 
tors  from  Davis,  Calif.;  Aberdeen,  Idaho;  or  Pullman,  Wash.  Acre 
yield  and  test  weight  were  recorded  by  the  cooperators  at  the  18  loca- 
tions listed  in  table  1.  Plant  height  and  heading  data  also  were 
recorded.  All  the  experiments  were  conducted  in  paired  guarded-row 
nursery  plots. 

Although  these  test  plots  differed  in  size  and  in  number  of  replica- 
tions and  the  equipment  for  taking  weights  or  test  weights  was  not 
equally  precise,  the  experiment  was  favored  by  the  independent 
sampling  contributions  of  more  than  20  cooperators.  The  kernel- 
weight  determinations,  based  on  an  average  sample  of  600  kernels 
each,  were  made  at  Davis  on  grain  supplied  by  the  cooperators.  Two 
or  more  persons  sampled  for  kernel  weight  each  year. 

Paired  performances  are  shown  in  table  2  under  the  caption  "  times 
superior/'  from  which  distributions  the  significance  of  the  difference 
can  be  determined  readily  by  the  binomial  method. 


3  Suneson,  C.  A.,  Riddle,  O.  C,  and  Briggs,  F.  N.     yields  of  varieties  of 
wheat  derived  by  backcrossing.     Amer.  Soc.  Agron.  Jour.  33:  835-840.     1941. 

4  Miller,  E.  C,  Gauch,  H.  G.,  and  Gries,  G.  A.     a  study  of  the  morpho- 
logical NATURE  AND  PHYSIOLOGICAL  FUNCTIONS  OF  THE  AWNS  OF  WINTER  WHEAT. 

Kans.  Agr.  Expt,  Sta.  Tech.  Bui.  57,  82  pp.,  illus.     1944. 

5  C.  I.  refers  to  accession  number  of  the  Division  of  Cereal  Crops  and  Diseases. 


YIELD  AND    MARKET   QUALITIES   OF   WHEAT 


C     02 
>>    02 

I-3 


H     DO 

>    02 


.2  o 


''OPMOOCOiO^HiCOO 


^ONcdciddcoJoc 

?  o  >o  C  C  C  C  O  LO  C  O 


g 

VWXHn'ffiONOlOOJ 

^  O  iO  O  CO  lO  CD  iC  LO  CO  iO 


g  |O^NHN«5NOi(NO©NOO     i  00  »«       t*  © 


,2  ^Tf  co^tJ-^cocococococococo 


'    co^OX^h 


U3  X  CO  1>-  rH  LO  1> 


^  ^  t*  ^  tji  t*  tt  co  co  co  tf  tt>  co  co     i  co  cm 


g    ^CCOOC»»OOOSrHOOOSOiCOOST}< 


CO  00 
CM  t* 


OC  CO 
CM  <>* 


%,2 

3   tt^iOfflNHOOiOQOOiOCDHNOarH        OO 

CQ        LOCOOajCOLOCOLOrri^LOCOCOT-HCMCO        CM  © 


^        OOOlLOOiNO^NNOOCH^CCNOO        1>  x* 

2^^odidcDodc5i>.c5c5T-HOJc^cdc5c>»-H      ^'i>: 

,£?    ^lOOOOCOOCWCO^iCCOCOMWJO        hO 


^ 


I-6 


o2  r 

O   o 


1iCCOCN00O5-*NNr-i 


g  CM  ©  CM  CM  ©'  CM  ©'  i-H  ©  r-i 


^COX^-iiOCOOt^iOOX 

g 

-SCOCMCOCO©rrOCM^-CM 


©  ©  CO       ©  »c 


L?    ScOcOCMX-^iOCCO©©^©© 
^    Oa"*  ^^^^^rocOCO^^r-CO^fi 


©  © 
CO  CO 


'     =0  X1  i-O  LO  X  1>  ©  ^  CO  rfi  CO  CM 


!-5^©CN©"*-t>©'— i©COLCI>CO      iCOCM 
^TriTj-LO^'^^CO^rriTjiTf-CO'*      iCOCO 

«3S  I 


XCNXN^CCNOWN 


S«©CMCO©©LOCM©TrCH>CMCM'-HCOCM 
Qq        LOCOO©^^tCOiC^CMTrCMCO'-iCMCM 


I  LOHNCOfNCCCX^NrHOHlO'* 

2  -2  o  id  x  co  -*'  i-h  id  cm  Tji  iO  tjh  id  ^  -*'  tji'  id 

rS    °  LO  ^t  LO  i>  LO  LO  CO  LO  ^  CO  LO  CM  CO  r-H  CM  CM 


1-° 


CM  CM 

©  © 


©  X  ©        ©  © 


sXNrHCNOXOCOM-'Cr-lON  CM  ©© 


©CO 

1".   LO 


M^i        »OCO 


XX 

CO   -* 


CM  CO  CO  ©        X  © 


CM©XXX-*©©©        Tt^^H 


4  A* 


c3^ 

Q 


i  o 


St^ss-iS^lJ-ifi-Sx 


P    -^02 


>    o- 


73   R 
3.3 


cTk  Q  O    ~&  >* 


R    3  ■+■>   R    Her-    C    /^ 

CO     *-     0     rg     O  .£  *^<  _5 

r 

e3 
O 


c3X 
Oh-! 


CIRCULAR    783,   U.    S.   DEPARTMENT   OF  AGRICULTURE 


^2 


<§ 

aq 

©' 


<¥) 

"co 
Q 

o 
CO 


53s 


is. 


^5 


1 


pq 
< 
Eh 


i  CO      i  b-      i  CM            i  O      ICO      '<M 

0 

i  "O      i  CO      iiO            i  CO      i  OS      i  iO 

" 

33 

> 

■*° 

CD 

s 

cd 
+3 

co 

CO 

Tt*  O)  i-O  (N  r- i  rH        00  CM  00  i>  <M  r* 

CD 

.CO      .CM      .                  .CO      . 

r^J 

OS         rH         ©               t^.         CO         00 

CO            rH            CD                    rH            CO            LO 

rC 

TJ 

to  b-  i— 1  rH  C^l  CO           COOCOINrHN 

JbD 

o 

.  O      .OS      .CO             .  O      .rH      .CO 

pj 

CO  rH  CO           t-H                     OS  T-H   OS  T-H   OS 

^        •*        CO               rH        CO        lO 

GO 

to 

O  OS  CO  O  "tf  CM        ©ioohOh 

,2 

.  tH       .iH       .                     .  CM       . 

lO        00        OS              CM        rH        IS 

CO        CO        >o              rH        CO        rH 

LO 

rH 

oa 

r—i 

T3 

1>  00  CO  !>•  lO  CM        1>  CO  CO  CO  OS  CO 

<d 

.CO      .CO      .r-(            .CO      .  rfl      ,h 

c 

i^      os      o          co      co      i>- 

£ 

CO        CO        CO               rH        CO        lO 

<1 

co 

OQ 

lOOOCOCOOSCM        I>  OS  rH  CO  OS  CM 

(D 

13 
<*1 

CO         CO         ©                OS         00         00 

rH        rH        CO             rH       00  .     iO 

Th 

rH 
OS 

rH 

T3 

OCMO^OOh       i-h  cm  ^  o  t>- cm 

CD 

.  rH       .CM       .rH              .CO       .CO       .rH 

c 

i>          iO          rH                  rH          rH          OS 

£ 

rH           rH           CO                   IO           HH           LO 

< 

CO 

©CMcOCOrH©        HOOHCOOH 

-2 

is 

t>        CM        ©              rtf        00        OS 

rH           rH           CO                   IO           CO           IO 

CO 

rH 
OS 

i— 1 

T3 

COI>l^C01>C0        lOiOOCOOOCM 

CD 

.(M         .CO         .rH                   .CO         .CO         .rH 

fl 

CO           TH           t-H                   t>-           r— I           CS 

£ 

IO            rH            CO                     IO            H^            IO 

<^ 

CGJ-lHrHTT-lM               COrHHH-rtM 

^CDSCD^CD         T7!    CD    G    CD    ^h    1> 
JJJ.Q    gX2    S.T5        j§X>    g.Q    2X: 

^^3ftrJ      2^=0^2 

-Qo.^fl'C       -^Cr^O'C 

1  §  '  i  '       ■  a  '  !  ' 

s 

-i 

p 

wnless  Baart: 

yield 

superior 

weight 

superior 

eight 

superior 

a  vs.  Onas: 

yield 

superior 

weight 

superior 

eight 

superior 

<^l^co'cDcorSa2ri^co'a;co^co 

££S§S|S°£Sfc£|S 

c3                                   P 

m                  «< 

YIELD   AND    MARKET   QUALITIES   OF   WHEAT  5 

AWN  INHERITANCE 

The  inheritance  studies  of  the  awn  characters  in  the  cross  OnasX 
Baart  and  its  backcrosses  revealed  a  two-factor  difference.  Among 
80  backcross  F2  plants  selected  as  awned  segregates  in  1941,  24  sub- 
sequently proved  to  be  homozygous  for  the  full-awn  type  of  Baart. 
Similarly,  among  209  awnleted  backcross  F2  plants,  14  subsequently 
proved  to  be  homozygous  for  the  awnless  condition  as  found  in  Onas. 

The  populations  in  these  backcross  generations  were  smaller  than 
in  previously  reported  backcrossing  experiments  in  California,  but  a 
greater  number  of  backcrosses  were  made.  It  is  likely  that  these 
wheats  constitute  at  least  as  complete  a  genetic  duplication  of  the 
recurrent  parents  as  was  achieved  with  the  previously  studied  and 
nondifferentiable  Baart  38  and  White  Federation  38. 6  7  In  this  case, 
however,  it  was  possible  to  establish  averages  showing  that  Awnless 
Baart  is  1.7  inches  taller  and  two-thirds  of  a  day  later  in  heading 
than  Baart.  Awned  Onas,  on  the  other  hand,  averaged  0.4  inch 
shorter  and  two- thirds  of  a  day  earlier  in  heading  than  Onas.  The 
expression  in  one  case  is  transgressive  and  in  the  other  it  is  intermediate. 

The  occurrence  of  these  associations  in  both  populations  and  the 
frequency  of  their  detection  under  diverse  environments  indicate  that 
the  awnless  types  tend  to  be  taller  and  later  than  the  awned  strains. 
This  suggests  a  linkage  relationship.  Although  these  differences  in 
behavior  appear  to  be  genetically  significant,  they  are  detectable  only 
because  of  the  great  number  of  observations  and  probably  do  not 
exert  a  significant  effect  on  yield  or  weight  of  the  grain. 

ENVIRONMENTAL  EFFECTS 

The  data  reported  in  table  1  are  not  sufficiently  extensive  to  deter- 
mine the  varietal  response  at  individual  stations.  Yields,  kernel 
weights,  and  test  weights  were  higher  for  the  awned  than  for  the  awn- 
less type  of  both  Baart  and  Onas  at  most  stations.  At  Mesa,  Ariz., 
the  yields  of  awned  Baart  was  slightly  less  than  that  of  awnless  Baait, 
and  at  Prosser,  Wash.,  the  yield  of  awned  Onas  was  slightly  less 
than  that  of  awnless  Onas.  Kernel  weight  and  test  weight  showed 
increases  typical  for  the  awned  types  at  other  stations.  At  Ottawa, 
Canada,  awned  Onas  yielded  significantly  less  than  awnless  Onas. 
No  explanation  for  this  is  apparent. 

At  Logan,  Utah,  and  Lethbridge  and  Ottawa,  Canada,  the  kernel 
weight  of  Baart  and  at  Lethbridge,  Canada,  the  kernel  weight  of 
Onas  digressed  from  the  usual  behavior.  At  Lethbridge  the  test 
weight  of  Baart  also  digressed.  In  view  of  the  limited  number  of 
samples,  it  seems  reasonable  to  treat  these  aud  other  deviations  as 
being  due  to  sampling  error.  The  effects  of  awns  seemed  to  be  inde- 
pendent of  soil  moisture  supply.  The  indicated  advantage  for  awns 
in  yield,  kernel  weight,  and  test  weight  was  about  the  same  at  the 
irrigated  stations  as  at  the  low-rainfall  stations — Moro,  Pomeroy,  and 
Lind.  Furthermore,  a  similar  divergence  in  response  occurred  during 
the  earlier  period,  when  bulk  composites  of  Baart  X  Onas  were  under 
test.8 


6  See  footnote  3. 

\7  Riddle,  O.   C,  and  Baker,   G.  A.     biases  encountered  in  large-scale 
yield  tests.    Hilgardia  16:  1-14.     1944.  8  See  footnote  2. 
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8  CIRCULAR    7  8  3,    U.    S.    DEPARTMENT   OF   AGRICULTURE 

EFFECT    OF    AWN    TYPE   ON    YIELD    AND    KERNEL 

DEVELOPMENT 

Annual  and  total  comparisons  of  awned  and  awnless  types  are  pre- 
sented in  table  2.  The  mean  advantages  for  awns  over  awnless  are 
obvious  and  are  usually  significant  as  judged  by  the  "number  of  times 
superior."  The  weighted  3-year  means,  as  indicated  by  the  t  values, 
show  highly  significant  superiority  for  the  awned  forms  of  both  Baart 
and  Onas  in  all  characteristics.  The  yields  and  test  weights  were 
generally  above  average  in  1943  and  below  average  in  1945. 

The  data  here  presented,  together  with  those  previously  reported,9 
seem  conclusive  in  showing  that  awns  generally  increase  yield,  indi- 
vidual kernel  weight,  and  test  weight  in  the  Western  States,  regard- 
less of  yield  level  and  whether  grown  under  irrigation  or  on  dry  land. 

Quality  data  for  the  awned  and  awnless  strains  of  Baart  and  Onas 
are  presented  in  table  3.  These  data  were  obtained  with  comparably 
grown  composited  samples.  The  derived-awn  types  are  generally  sim- 
ilar to  their  parental  strains  in  chemical,  milling,  and  baking  quality, 
or  where  different  the  differences  are  so  small  that  they  are  unimportant. 

DISCUSSION 

Baart  is  one  of  the  most  extensively  and  diversely  grown  white 
wheats.10  Its  distinctive  large  kernels  and  high  test  weight  make  it 
popular  for  special  commercial  uses.  The  substitution  of  Awnless 
Baart  would  result  in  a  reduction  in  yield,  kernel  size,  and  test  weight 
and  might  mean  a  loss  of  the  special  market  for  Baart. 

Onas,  on  the  other  hand,  although  widespread,  has  achieved  only 
limited  production,10  primarily  because  of  its  low  test  weight.  The 
larger  yield  and  heavier  test  weight  (nearly  1  pound  per  bushel)  of 
Awned  Onas  might  result  in  an  appreciable  improvement  if  the  awned 
strain  were  distributed  to  farmers.  Further  experimentation  with 
these  two  Onas  stocks  will  be  necessary  before  recommendations  can 
be  made. 

9  See  footnote  2. 

10  Clark,  J.  A.,  and  Quisenberry,  K.  S.    distribution  of  the  varieties  and 

CLASSES   OF  WHEAT  IN   THE   UNITED   STATES  IN  1939.       U.    S.    Dept.    AgT.    Ch\    634,    75 

pp.,  illus.     1942. 


\ 

U.  S.  GOVERNMENT   PRINTING   OFFICE:   1948 


For  sale  by  the  Superintendent  of  Documents,  U.  S.  Government  Printing  Office 
Washington  25,  D.  C.    -    Price  5  cents 


